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\Vc. BtfrnoiGH:^ O.-yv^'kMio., a Corpora- 
' lioii or^ianisec! unncr ihz of ilic State 
of Michigrn. I'liiie'j S:iic> ci America, 
of G07t. Second amtiuz, Dciroit. Siat? of 
5 Micl-irjp. United States Aiuori.:3. do 
hcici"\ declare the iiivi-iition. for -.vinch we 
pray lk:i a oatwMi may be graiKci to ui, 
and the ndhod by \vl;icli it In io H: per- 
forr.;cJ io he pnri:::uiarly described ir. and 
10 by the f.'^liouinc siaicr.:eni: — 

Tl:i> invention roluiji to an inpui-outpu: 
procrrirr.mable coiripi'icr for use vv i:h a data 
corimtiiiicaiion ivsicr.; an J is concerned par- 
lien InrJy witii a proirraniniabli computer for 
- 15 th'j control of input und output devices 
whicl: ure incorporni^d in elect ronic daia 
proCia.-inc -^vsicms. 

In ti.c operation of e!cc;r")n!C data p"o- 
ccssinj: sysi-ins it is u>uc\ for the ovcrull 
20 spc^^d of operaiiiin r.f ;ho svi'.cm \o be 
limited or rcsiricicJ !*y rciativeiy blow sr-ccd 
inpuf and omput dc». ices cocnccicJ in the 
syfiem. This iin^.itjtion up^n iys^crr, -peed 
hac FTiMn'^rxi o.^ipiic ii:* use Ci inp;;: rod 
25 ouipu: Ci^ntr.-^l units an J the u^e or M:rh 
'lcchni';|t;e5 as muUipicxiny of information 
transfer and scanning oi input and output 
device* rev| airing service. 
• The actual cor:>puiaMon performed by 
30 central nroceiSO''v has ciiiiomariiy been the 
most rapidly perrnrnivd operation in duu 
procesiing systems. Tiie *;>clc of opera; icn 
(»f mcn-.^ry sysicni-s. tiJwugh in the pa-*: 
, relative!) s!ow in coi:ipari>oa lo arithrv-'iic 
35 c*uhputaiion. iias be in shori<'ncd consider* 
abh i'v ihe ccve!opntent of ni»jch higher 
speed nicniories such as thin filni arra^x 
■ ti»nnel ON.'de ami cr>oi:en;c meru'^ry dc- 
vicc<. '"vcn ihc procranir.iint: 'M d.-.tri^ni: 
40 dai;: t*r --in^ sysicn^s has neen inir. r'-.-.i 
lo cr.'f»!e nK»re r^pid prorraintrir:? of 
syst'/TiS by !he U£C of ntacl-.in^-orictitc^i rr> 
piairtiiit^c: iancuncc and ilic use of pro- 
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gran; compiJcrs. It ha>, therefore, become 
increa>in5iy desirable to increase ihc spv^O J 5 
of intV-rniaiicn transfer into and o'j: cr 
system memories and to iDcrca>e the ir.- 
dependcnce of operation of input and out- 
put information iransrcrs to pcrmn c;-n;ral 
proceisors to utilize a Iwiilicr portion of tlie 50 
iiiTie available for perfo nuance of conputa- 
lions. 

Independent operailtm of i:;mii jr.d out- 
put information traniters .i deiire-J i-» rrc? 
cei:ira! processors fror direct siep-oy-.-iep 55 
control of input and output transfer opera- 
tions — I hi :.o-caiIcd bv^okkeepini' opera- 
tions — lO that the co::.rui proeei<oi can 
utilize more of the time uv.iijable for per- 
forming computations niar it< maximum,; 60 
rate of operation, Jn wcrtuin n:oJjlar dr.;a 
processing sys:ems. independent opera: if'^n 
of inpui und ouiput trc^nsfer i\reration> i; 
desirable to ulso permit fuil% indcperident 
operaiijn of the centrai pr-.^-ssor irrxi-eiej 65 
•vi:h ii;e r.-em^^ry nioduler.. 

To impr.ivc iV.e .p^ed a:- j inccpcr.der^.v 
of input ?nd t?»j*pu; '.nr^'maiion tranAfrrs. 
so;nc pavi data processing >v^te:-i> have in- 
corporated general purpose' computers a.% 70 
^aielHtes' to attend to an»1 direct the inpMt 
and output operations and have u:^ed butter- 
ing devices hot ween the input arc* oiupu! 
devices and the >aiel:iie eompjier for ir*- 
creasing the rate of inlorn:a:ion 'rangier 75 
thereto. The use of such saieliiie eo.Tipu:trs 
tor inpiil and output control li.nvever, !i;\s 
no: eliminated the restrictions placed on 
system operating -peed and efi'.jiency by 
the de:r.und> of the inpui l:*^ j-eipui do- 80 
vices since cer.tr- ! processor :':ieniion r.nd 
dirccti^.n to the input and output operations 
v';»i rr':ee;Sary for oro.idir.;: >tcj:-V>- 
v.ep z'K'ry, in; J the sitc.iiie * r,:er;:'^r\ . 

Ti c •-«;.;: er> c-')nnec:eJ l et^M:.*': ir.pu* ::n i S5 
o'j*pt:i ce\i:ej a:!'e the s:.:eiii:w comp.;:er> 
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were also inefficicni since the input and 
output transfers were buflcred to equal size 
words or characters of information, thus 
* requiring more frequent iervice of some 
5 devices than others. The nature of these 
geoerdi purpost: vuieliite computers aiso 
limited their usefu)n:>s for incorporation 
into modular data pr Kcssing systems :ince 
central pro*^c:;or uitm \-cM be necessary 

10 for devel'ipir.^ j.nc causing d^^ivcry of ic»> 
of iranifiT :n>iaic:K ns direcily into the 
general purpoae ..uielli-.; computer' s memory 
for directing i!;^ siic-iiie OM -.puier'i control 
of input and ou'.; u; inrormaiicn transfers. 

15 Accordingly, ii is an cb;ect of the sub* 
jcci invention to pfoviae a programmable 
input-output diita service computer for ccn* 
ircilinc inform;:'.i jn transfers between input 
and output dcvicct and a central memor\' 

20 via a magnetic Tie if de:;ired. without 
continual "direct conir;)! or instruction by a 
centra! processor. 

According to ;his invention, an input- 
output program ma M-i computer for use with 

25 a data communication system comprises a 
processing means for constructing informa- 
tion iranifer descriptors under program con- 
trol, an input-output controller comprising 
a plurality of input output terminals and 

30 a local niemor>' tor storing address in- 
formation relating to locations of input/ 
output channel programs stored in the 
system and said infomiuiion transfer de- 
scriptors, and a duiu service means coupled 

35 to said local memory for decoding the in- 
formation transfer descriptors and transfer- 
ring data between ^id input/ output ter- 
minals or between an input output terminal 
and the system in response to ditferent ones 

40 of said dt scripiors. 

This input-output programmable com- 
puter may be us-zd, for example, in a data 
processing system to free the central pro- 
cessor in the da'a processing system from 

45 step-by-sicp control oi input and output 
inforrnniion iraniferb and thus en«:ble a 
greater computation efficiency by the central 
processor. 

As will be described later, it becomes 

50 convenient to deliver and accept different 
size bytes of information to and from in- 
put and output devices rather than to buffer 
each input and output transfer in equal 
size words and thus permit the approach 

55 to equal frequency of service of each input 
and output device. 

It is possible to store input-output channel 
controls in the local memory of the input- 
output computer to enable the computer to 

60 access direcih" progran* instructions stored 
in a main memory' for construciing channel 
descriptor < for use in dirc*.iing the per- 
formance of inform :it ion t'anUerb. 
The input-output procrnmrr.abic computer 

65 nuiv be uy^d in an electronic data coni- 



municatiuQ system haxing a main memory, 
and the aforesaid iocal meracr;. in the in- 
put-output programmable computer in :h;s 
case may forr.; local storage :?.zzni io: 
storing program address information :ci.it- 70 
ing to the mam mer.icr\ and tl;c ir.forrM- 
lion iraiJsfer descriptors, and said u.:-^ ir. 
vice means may then serve to tr.ir^vf.;: c_ 
between input and output dcMcc> c cc- 
i^:cn an i r p u : or output de\ j r,T\z : c " 5 
main memor*. in responbc to diit*rcnt o."..*.-* 
c.f the descriptors. ^ 

In an arrangement where the local st.^:;.:e 
mcuns stores main memory aOdresf 
fo.'*mation of tr;put-ouiput channel pro- 
grams, the prix:e>>!nc means n:a> b: 
ccupled to the locai sivtruge mean* lor con- 
structing information transfer Gei.T:r''-'''i 
directi.ng input-output data iraniifers by 
executing programs stored in n;aiii n»r:r. \ y 
which it addresses dirrcily upon obia:::.:.;: 
address information from the lo:al sierece 
means. The dau service means may men 
perform information iransfers '.iiK::r v/n- 
ircl of the descriptors constructed b> r^e 9S 
processing means. 

The invention furthermore inclcde*» wiihin 
its scope an input-output proyr::r.;r.u:- i 
computer for use wi«h a data commi:n;:.t- 
tion system, said computer compribiive a 95 
processing means tor constructing iniori*.!-- 
tion transfer descriptors under nrogrm; c. :.- 
tro! and tor addressing a staci; jf inpj*. ' 
output data transfer jobs stored in 
system to obtain .nstem address infcma- lOO 
lion i}i input, output data iransier progr-.v.s 
to be executed, an input-output coniroiicr 
comprising a plurality of input output ter- 
minals and a local memory i>r siori;^.g ed- 
dress information relating to lo.ai!;-*'!? of JG5 
input output channel prograrhs stored in ;he 
system and said information transfer de- 
scriptors, and a data serviee mcans coupled 
to said local nier:ior> tor decodinc ihe i.T- 
formaiion transfer dc.>cripiors iind tr^n;- \\0 
rvrrinc data between said input output ur-* 
minals or bet^^een an Input; output tcrm:.nal 
and the system in response to ouierent ones 
of said descriptors. 

The aforementioned input-output data 115 
service means may provide for scarnirg 
input and output channels in order of 
priority an J controlling information trar.^ier 
in varying sire bytes and numbc of b>tes , 
with a m"er.ior> in accordance with U".iqi:e 120 
channel descriptors available for c;:ch input 
and output channel. There may aliv be ^ 
provided an inpui-ouipui processor unit cup- 
able of addressing and executing externally 
stored instructions under system progr:;m 125 
control for sequential on-demand construc- 
tion of channel descriptors for use ;n the 
control of inpu» and output information 
transfers. The input-output processor *cnii 
may further include operand field discrimina- 130 
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tion means for coniroliing the field lo be 
operated upon in modifyinc channel con- 
trol instruction and paramcu: addrcis in- 
formation and for constr'jLiing channel de- 
5 scripiors for the , conir..iI of information 
transfers. 

The inpui-outpui prcpranmablc com* 
puier ihu^ c^in fern mpui-ouipui data 
scr\*ice corr.puiir fiiij .m!! b: :.o referred 

JO 10 where apprcprijic. Thi5i dau sor.icc com- 
puter can be capable i»i ilirc:i iccc:>> lo 
progrum in^irujiicni irnc parjiiKicrj Morcd 
ic an exieriuJ m-i:n m.;:K"*r\ in accordance 
with the Slate worj aLtvirc:.^ comr.iniiii: por- 
, 13 tion of the channel coniroU « hich are stored 
within its local numor>. Each channel state 
word in iocal niemor,. may .-jmpriie an 
instruction base address, v, paran:cier bisc 
address, an instruction :ojnt:r. and index 

20 registers for i;se by the i:;pi:t-cuipLt pro- 
cessor unit in address inc main memory loca- 
tions. Main memory adcie?s locations can 
thus be directly auUrc^^ed for jbiainin!: in- 
struction steps and pjranieicrs or operands 

25 for use in construct inc channel descriptors. 
This iocal memory- to- ma in memory ad- 
dressing technique tor accessing instructions 
' and parameters stored in main memory loca- 
tions is completely under the conirol of the 

30 inpui-outpn data service computer and docs 
not interfere with the operation of the 
central processor in an> system in which it 
is used, nor does it renuirc continual direc- 
tion or control by the system central pro- 

35 tcssor for obtaining insiru^iiohs. An im- 
portant feature of the separate storage of 
instructions and para.meicr> in main niemnr>' 
is that the input-output prrces^or unit can 
utilize a given program sci of instructions 

40 or program routine \vt constructing diifcrent 
input -output chaiipc! controls. Each channel 
may have a.*^5:gneu to it a unique set of 
para meters, ici use i" the cx?ci:iic«ii of these 
univer.'ially avjiiuble program routines. 

45 The input-output data service computer 
may process fuily jobs assigned to ii by 
a system executive scheduling program 
which may include a number of program 

- routines. Each new job may provide the 

50 input-output processing unit with a new 
state word for one of its channel controls 
uhich identities a program to be processed 
an J supplies pur.; meters for use in e.xecut- 
inc the program instructions. Once the in- 

55 put -output computer begins executing the 
program identified by a job, it wili construct 
a dcscripicr in the processmg unit, perform 
the transfer described by the descriptor, 
and return each time to the job program for 

60 tr.>iruciion> for consrruciinc new descriptors 
un:il ihc entire input-''Uiput lob is com- 
pletely performed. hiic the data 5er* ice 
means is implen:cn;ing a descriptor for a 
cli::nrcl. ilic proce^^inct unit may continue to 

65 serve otner cnanneis by re-entering the pro- 



crams in main memory identified by the 
jobs for each channel for constructing new 
de:>criptors therefor as needed. 

The input-output prxrammabie com- 
puter of the subicci invent i")n can be utilized 70 
in combination in a data processing system 
having a main memc^ry ^ucii thai data trans- 
fers between Narious input and output de- 
\ice.s. as well as trar:i:er> beiwecn input and 
output ceviccj and ri;-:r. mcmo:>, can be "5 
cifectcd without i«n> tritciAention by. or 
interruption of. the ccn;r:.i pro.e>ior. In 
particular, transfers bctv.cen a di*c !ilc (or 
magnetic drum) and other input and out- 
put devices cm be so eliecicd. for e.vamp!c, SO 
information coming from an input d^vke. 
such as a card reader, can be assembled 
on the disc until detection of an mdlcaiion 
that the assembled information is complete, 
whereupon the input-output proceiM^r v. ill b5 
return to the disc channel progr.im for an- 
other task. This task may weFl be that of 
taking the information once a >s cm bleu on 
the disc and transferring it in a block to 
main memory. In such device-to-device 90 
transfers, a butler area in the main memory 
is assigned to the input or output channel 
involved. 

In the case of a transfer from an irput 
device to disc file, and subsequently to ^5 
main memory, the sequence of information 
tran.sfer is as foiio\is: Under control ol 
a descriptor the input-output data service 
means receives data words or bytes from 
the inputting device when it has priority. 100 
accumulates the data if neco^ary. and trans- 
fers data word> to the main memory 
buiTer location designated by the address 
field of the descriptor. Then, under con- 
trol of a main mcmorv buffer-io-diN: file 
descriptor, the input-output data service 
means delivers to the di>c tile controller a 
di*c nle address iind main nicmor>' buller 
address and Indicates an input or 

output transfer is to occur. The data Ncr- HO 
vice means then transfers the data trom 
main memory buffer area to disc tile. The 
sequence is repeated until all the incoming 
information is accu.mulaied in the disc iilc. 
Upon completion of the disc file transfers, 115 
which may be ascertained by counting the 
extent of the accumulaied inf*'trmation or 
by examining the incoming data, or may 
be indicated by the procran;s for this channel 
of the data service computer, or by a signal 
received from the input pcriphe^'al device, 
al! retevani channels return to their priv 
gram and parameter areas in main memory 
for further tasks which may have been 
placed there by the executive program. In 125 
;he c:tsc of the present c\anip!c. the 6\ic. 
channel may find instructions lo transfer 
the assembled data lo a specific main 
memory address. The transfer of informa- 
tion in the reverse direction to an output 130 
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device* either from disc file, or from main 
memory via disc fi!c. follows a similar pro* 
ccdurc but in reverse order. 
A further fe?.iure of the input-output data 

5 service computer i> its capaDiii!> to succes- 
sively access input-output jobs stored in a 
main memory \o be pc-rfiTrmcJ by the inpui- 
output channcis ^f'cr :be c!ianne!> ha\e cem- 
pleied previouikty js>rgncd iob^'. Upon obiain- 

10 inc a job from a job stack stored in mam 
memory*, ihc input-output processor unit 
acquires a new state word bearing para- 
meter and program instruction addressina 
information and* stores the same in the local 

15 memory unit. This access of and response 
to inpui-ouiput jobs stored in an external 
memory is complercK independent of central 
processor interference and is compleieK 
under control of \W: input-output data ser- 

20 vice computer, requiring no interference with 
a central processor. The input-output iobs 
may refer to transfers between input or 
output devices and main memor> or may 
direct data transfers between input and oui- 

25 put devices themselvei. each of which may 
include inierniediaie tranifcrs which them- 
selves may comprise several steps in the 
information irunsfe: specified. 
In order that the disclosure will be more 

30 fullv undersiot'id and readily carried into 
ctfcct, the followinr detailed description is 
given with reference lo the acconipanving 
drawincs in which: 

Fic. 1 is a block diagram of the iopm- 

35 output data service computer of the subject 
invention ; 

Fie. 2 is a block diagram of the I'O 
processing unit of the Inpui-ompui data 
service computer of the in\eniion; 

40 Fig. 3 is a format drawing showing the 
manner in which the drawings of Figs. 3A 
to 3F arc to be arranged to form a detailed 
schematic block diagram of the invention. 
Pics. 3A to 3C being the schematic block 

45 diagram i.f the 10 'processing unit. Figs. 
3D* and 3E being the bknrk diagram.^ of 
the local memorv"iinit and the data s^r^•icc 
unit, and Fic. ?F being the detailed schematic 
block diagram 'of the crtir.municaiion unit 

50 of (he invention: 

Fig- 4 is a detailed bliKk diagram of the 
conicmpbied physical arrangement of 
se\'cral of the proce>sing uni: regi.^ers which 
commonicare * directly ' wi:h the operand 

55 re«isiers of the arithmetic uni; and the ad- 
drcs.v modifying section of inc input-output 
processins unit; . 

Fig. 5 A is a detailed block diagram oi 
Ihc local memory unit of the invention. 

60 Fic. 5B illustrates v..ird fornnis of the 
channel contr.*>is. ^nd Fig. 5C illustrates 
alternative apraratu*' for monitoring and 
servicing procran; flags in :he T O pro- 
ces^inc unit: 

65 Fic" 6 5how5 the logic g2tc> of the b>te 



length and position decoder of the invention: 
Fig. 7. which consi.^* of Figs. 7.A 
through 7H and 7J through 7M; zni Fic. S 
when read together illustrate the h\u- ins-jr- 
lion or selection gating of the invenii^n: 

Fig. 9. which consi>is of Figs. VA larouch 
9F. shows alternative byte in>eriion or scicc- 
lion catinc for the f.uhiect invcniior.: 

Figv I'J and 11 when reiid loreiher con- 
stitute ;hc prior!i> rc3t>ivcr and add res j en- 
coder of the subject invention: Fig. iO con- 
sibiinc of Ficv 1lV-\ through lOK and lOA.A 
thro'jch lOAC. Fig. :0A being a format dra^^- 
ins sliowinc the nvanncr in v.hich Fi-es. lO.A.-* 
to'lOAC are to be -.irrancid. end Fig. 11 be- 
inc a format drawing showing the manner 
in' which Figs. HA to ilC are to be 
arranged: 

FicT 12 show^ a modular dat.-* proccs^mg 
system in which lite inpui-outpi:: data >er- 
vice computer of this invention is shov.n 
connected as a module: and 

Fie. 13 shows the interconnect i^ms pro- 
vided between the input-output data service 
computer and other componcni> when 
utilized in the modular data processing 
svsiem of Fig. 12. 

In Fig. I there is sho-vn a block dia- 
gram of the inpui-ouiput data service com- 
puter of the subiec: invention. Inpui-.^utpui 
processing unit '20 and dati: .service unit 
40 are each connected to local memory 
unit 30 bv wjy of interconnec:irns ciesig- 
naied 29. Either the processing unit or the 
data service unit may make accc>> to the 
local memory unit for writing or reading 
word portions of the channel controls k» 
lone as the mcmorv unit is not bu*^y servic- 
ing' the other. Processing unit 20 ard dau 
service unit ^0 may also each comntunicaie 
through interconnections 31 vvitn externa! 
memory communications unit 50. a:i shown. 
The communic-tions unit contain^ a mcn>orv 
conflict rcsoi-.er for awarding prii-riiy *h 
conimunic::iion vviih main me!i»ory nvdulcs 
55 10 the data service unit in order lo av«>id 
loss of data wh.cn b^Mh the proccv-iing unit 
and the data service unit are necking access. 

.As shown, the I 'O processing unit aiso 
has connections with central proces<*;»r 
nodules 25 when u!«ed in a sv>ter». Certain 
interrupt signals arc communicaied to the 
central pr»Ke*^or over cable 24 and a main 
memory job stack address is communicaied 
from the central proces.-^K lo ihc 10 pro- 
r^«<inc unit over carl^es 26. The proce^^sing 
unii includes a job stack address register 
for siorinc this main memory address from 
which ncvv jobs can be obtained. Once a job 
his been received and a ^:ate word con- 
mi nine add re* 'sing infortv.aiion is swci into 
the local memory unit of tl;e proccs^i.^g 
unit, the processing unit is ihcr. able to 
access program routines stored in an ex- 
ternal memory by local memory lo main 
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memory relative addressing through the com- 
munications unit. Access to procfam insiruc- 
tions by the processing unit occurs upon 
the detection of procrJm tlac signals and 
5 thie grant of priority of progrnm service to 
one of the input-output .hunn^'ls. The pro- 
cessing unit executes the proLTjmmed in- 
structions, utilizing its addcs and compara- 
tors under controi of operand lield dis- 
10 crimination apparatus for constructing a 
channel descriptor as directed by the pro- 
gram, and stores the descriptor so con- 
structed in the local mcniorv unit. 
Local memor>- unit 3u contains memory 
-15 locations for storing a channel control for 
each of the inpui-nuiput channels. Each 
channel control utilizes two addresses in 
the memory unit: one for the storage of a 
state word containing main menior> addres- 
20 , sing information, and the other* for the 
storage of a descriptor which describes fully 
an information transfer lo be performed, 
in addition to space for the hu^ering of 
. input or output data byies for the packing 
25 or unpacking of full ua:a words for com- 
munication 'A'ith naain memory. Also shown 
included in the local memory unit in Figure 
3D arc a memory write register, a memory 
information register, a memory address 
30 register and address decoder. 

Data service unit -iO is connected to 
peripheral equipment control ler> -^5 which 
include I/O buffer subnio Jules, The con* 
nections to the controllers of simplex out- 
35 put devices such as printers, card and tape 
punches and display devices are the cables 
designated 44. Normal communication be- 
tween the central processor and the main 
memory have been omitted from Figure 1 
40 for reasons of clarity. The connections to 
the controllers of simplex input devices 
such as punched card and puiiched p?por 
tape readers and character recognition de- 
vices are the cables designaieci' 46. Con- 
45 nections between the data service unit and 
(he controllers for half duplex devices, such 
as magnetic tape units, disc files, or drums, 
or combined paper tape punching and read- 
ins apparatus, or teletvpc -writers could be 
50 effected over either cables 44 or 46. pro- 
vided the data lines are able to pass data 
in cither direction, one direction at a time. 
Fill} duplex inpui-ouiput devices such as 
some iclcty-pc units, and some :\pc5 of tape 
35 unit controllers, would utilize bt)th inter- 
connection cables 44 and 46 simulianc^u'Iy. 

Data service jnii 40 monitors and re- 
solves priority of input-output channel ser- 
vice requests*, decivling and imp lenient ins 
^ channel docripiors dirccily from if-.v 1- cu' 
mcnTory informaii.in rccistcr. Iniormation 
transfer paths are rro\ iJed for enabling 
informniion trnnsf*:r Knwocn inp'ji and out- 
put devices and the local mennvy da:n 
65 buTcf area or a main mcmor\* m-xluiv 



through the communications u.nit. Also in- 
corporated in the data service una ar: a 
service request look -ahead capability for 
advanced strobing of input device' con- 
trollers, device start line controls, and 70 
counters and cor.irols for enabling and regu- 
lating input and output iran'.fcra lo and 
from the device cor tr.-^ Hers. 

Communicaiions unit 50. in addition to 
the memory contlict revolver previously dis- 75 
cursed, contains v.ord storage register:., 
communication memor\' address regiiters, 
store and fetch registers, communication 
word counters, lining and controls. .Al! 
data transmitted to and from the main 80 
m.cmory as well .is the fetching of new state 
words and program instriiciion^ and the 
storing of interrupt signal information i< 
etiectcd by communicatfons unit 50 to main 
memory 55 over interconnection cabling 54. 85 
as shown. This informution transfer 'r.:ay 
be a one word transfer or a boqucnce of 
words. 

Fig. 2 is a block diagram of the I/O or> 
cessinc unit of the novel input-output data ^0 
senice computer. As illustrated, the pro- 
cessing unit consi.<is of a program flag re- 
sponder 21. an arithmetic unit 22. and a 
control unit 23. which includes a suhtvn- 
mand matrix. The program flag respcnder 95 
contains a program ftac flip-flop for each 
input and output channel and a IMp-flop for 
the job stack program flag from ihe cen;ral 
processor which signals the prescnec of new- 
jobs in an externa i!y stored )ob stack. I'le 100 
address of which the I O proce,<5or ccn:roi 
unit stores in us job strap address regiM.or 
Also included in the program flag re^ponJor 
is a priorhy resoi\cr and address encoder 
for servicing the channel program flags and 105 
a channel identity encoder for rcseiting »hc 
program flags once serviced a.nd for setting 
the i.ipui-ouipui channel Mart line rlip-flopi\ 
which may be reset under program control. 
As shown, the program flag rcsponder com- HO 
municates channerideniity "address informa- 
tion to the control una which it stores in 
the channel base address register and re- 
ceives subcommands from the control unit 
including commands to reset the program 115 
flags as they are serviced. 

Control unit 23 contains a job stack ad- 
dress register for storing the location of 
externally stored input-ourput iobs which 
are to be successively accessed and per- 120 
formed by the data service computer and 
a stale word register for storing new state 
wordr. provided by ncv. job stack entries 
'rom main memory. The control unit a!<o 
cor.iains an adores^ modifier and e'^ectivc 125 
addros register for use in addre>>ing b'^^ih 
the local memory unit and the" main 
memory unit. L pon obtaining msiructi.?ns 
from main memory through the com- 
munications unii. storing thein in the func- 1 30 
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tion register cxtcnsior. and unpacking the 
insiruciion -jVilableb anu placing thcni i:i il^e 
funciion rccisicr. ihc control uiiii execuies 
the insiructions and addrcsics parameter^ 
5 previously placed in mu:n niemor> for use 
in cxccuiinc ihc aL-ii^noJ program. 

The insir'jciior.:*. Ji :1"ic procrani dCiii:- 
natcd (or channel -iitf cxecuicd by anih- 
meiic cnii 21 v. ';l^r4 .r.^ijacs uJdrc>i»ibie 

10 operand rc ussier AOrC und ^'4tUr op;r;xnd 
register BOR ope'uiiru ir. won.unciioii y.iih 
lemporary cpcr.:p.c i'.**:?.2c r»';::^^c^s. uJw;cr», 
and a connparuu-t irtJicaui. .Audres5:;ble 
operand rcgiiicr AOU aKo serves a» an 

15 accumuiaijf sin:c li'.c rouii ol adding v^per- 
ands from the .-.OR a.id ;he BOR in ihc 
adders is rciurned t.> itu AOK. The ariiii- 
mctic unii ?.lio cDni^.n^ u field diicrimin.uor 
connected lo the cpcrand registers for 

2C defining the ftcld or -he operands io be 
added or compaic-i as diricicd by ihe in- 
structions being c.NcCuU'i. 

The primary lunv;ion of the arithmetic 
unit is to construct descriptors for dcserib- 

25 ing information iran^icrs under conirol of 
subcontmands received from the control unit 
which arc developed by decoding mstruc* 
tions obtained from a program routine in 
main memory. The arithmetic unit can 

30 access parameters directly from an external 
main memi^r; through the commun: rations 
unit and may transfer operandi and results 
back through the communications unit. 
Operands can also be obtained from the 

35 local memory and eiilier returned :o local 
memory or rnociineJ to const ruet a new de- 
scriptor to bv* placed in the rippr.^priaie 
channel control in local mcniory. 

A detailed schematic block diagram of 

40 the invention is iilustreicd in the drawings 
ot Figs. 3 A through ."F which are to be 
read as one dra'Aim* as iilunraied in the 
format drawing of Fig. ?. rigv ?A through 
3C contain a *v.henuiii* block diagram of 

45 the I/O processing unit. Figi. 5D and 
contain the block diagrams of the local 
mcmor> unit and the data service unit of 
the invention, and Fig. 3F is a detailed 
schematic block diagram of the conimunica- 

50 tion unit of the input-output data bcrxice 
computer. 

The 1/6 processor unit as shown m F»g. 
3 comai»> a program Hag flip-tlop for each 
input -output channel and a job stack flag 

55 flip-flop, designated 101. coupled to priority 
rcboKer and* address encoder 102 which 
is coupled to deliver a channel address to 
channel base address register 10?. Channel 
deeoJcr 105 ascertains channel iJcniity for 

60 seiiinc the appropriate start line f.ip-tlop 
171 or.ee the I O procc.wr has becun 
5crvicinc a channel and resets the program 
flac lOf which v.as recognized. The channel 
dc3»^ier can also se; an\ program flip-rl^p 

65 101 and reset any start line ftip-flop 171 



under procram control. 

CHBR "l03 IS also connected to address 
modiiicaticn base :.elecior 112 for provid- 
ing a local tncnior;. channel address or de- 
veloping such an addrci> in aJdiei> modiu* 70 
ing adder li-* b> aduition vvith the constant 
00 i or OiO supplie.i through add:e>i 
modiiier aclecior i i I 1 he chann.-l civy.roi 
iidcrci." ihcr^ov obi.iiicd is dcir- .tcj io ^ 
eitwJii\c avlur;;>s regi:-icr HO U-r -JdreS-Mng ^* 
the selocteJ portion of a chnnne: eontroi. 
i.e.. liie >...ie v^orci. inaex rcei^icr. or dc- 
3cripu»r The addrcsi irom the cil'eciive 
address leg.^ier is iran.-miiicd ic- local 
ne.norv address register 166 ::i!d is de- 80 
coded in addrej^ decoder loT for cauMug 
the appropriate channel coniro! portiun to 
be brought into mcmor>- information 
register 162 and subscquentK delivered io 
butfcr operand rcgi>icr 120 !roiv. which i; 65 
can be transmitted to addressable operand 
register 122. 

Along with bufTer operand regi>:er iBOR) 
120 and addres!^ablc operand regi.^ter ( AOK; 

122. the arithmetic unit of the 10 procesNor 90 
contains addressable storage regl-^u:^ (HR: 

123. iempoiar\ storage register tCR) 12-i. 
adders i26. cou'.parator 127. and field di>- 
criminator .All contiiiunica;ioni into the 
arithmetic unit from the local mem.irx unit 95 
and the external main memvcy through liie 
comnunication.-j unit arc r^:e:veJ by the 
bulTer operand register BOR. .All com- 
munication.- trcm the a.^ithmetic unit to inc 
local memory unit and to an evternai 100 
memor> ihroueh the communication*, unit 

are bv v;»v of th: adv!re>>ab!e oper^tnd 
register .AOR or the addressable storage 
register HR. 

OiKC a state word is address■^i in ihe 105 
bca! r.iemory unit b> the I/O procesi^^r 
unit, it ii dciivercd b> ^vay of iliC BOR 
and the .AOR to state v\crd register I'O. 
This register contains portion tor storing 
a parameter Hase address i31. an in^^^irue- liO 
tion base addres*; 133. an instruction counter 
134. and an activity bit. Associated with 
the state word register are index registers 
XIR 136 and /K2R 137. Instructions in 
main meinor\ are addressed by surnming 115 
the instruction base address tiri rough ad- 
dress modification base selector 112 and 
the instruction counter through address 
modifier seiccior 1 1 1 in address nvKiif\:ng 
adder IN. The iris'.ruciion address is iran>- 120 
milled to efTeciixe address register l!fc and 
sub>ev]uent!y to communications address 
rcciatcr 2CU for delivery to main memory 
throuch communication unit drivers 212 
The memor>- opcr:tion code for addressing 125 
in>triic;ions is loaded into the memory 
operation code a^-ea of communicati-on ad- 
dress register 204 by subcommand matri.< 
150 of the I/O processing unit. 

The instructions obtained from main 130 
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memory may, for txampic. direct the 1/0 
processor unit to con5iruct a new descriptor 
for the input-outpu: channel being serviced, 
may direct the processor lo modifv n channel 
.S Slate word, or ma> c.-jntnit; a channel con- 
trol command such us "^u^p channel" hen 
a compicie inpui-o;;ip..i ir.ir^M'ev joh has 
been perfoiTiied lOr :c.--:'.i ;e ihc active bit 
in the state word r;2isi.-!. ir.ny iTuer the 

lU resell inc of a si an line iUr*Ji'.*p "P"- 4^'' 
teciicTi Of an error or rvaii'-re-io:! m ihj 
operation of the device, i-i i:r.;y c.^nrnand 
'.hat the immediaicly prec.uin; en:»r;riei de- 
scriptor for a device be vvi;i>:ated re- 

15 peating a transfer uiiici v.iis u.isuccciS- 
fully attempted. Thus, vpon Jeteeiion of a 
parity error ii^ wriiipii up^>r. or ;e.-.diMC fzom 
a magnetic tape unit, icr .'xan^ple. a pro- 
gram "subroutine m.ay o. Jt.r iha: the lape 

2'> be rewound and ihat the •>» riv." o: rend opera- 
' tion be updated. This rcofiiti.'^n of incom- 
pletely pefforired iafornv-i-Mi l^;^n:;fers may 
be repeated as many lin-es in the program 
as desired, after v;hich an insiruciion v.iJI 

2.S direct the I'D subcommand mairbc of the 
processing unit to send an interrupt in- 
formation word for storage in the location 
fn main meniorv iJ^rtitined by interrupt slack 
address register 157. This interrupt y^ord, 

30 which is sent to rrain laemorv through the 
communication unit, inciucicb the number 
of the input-ouipui channel involved and 
the reason for termination, v.hich could' be. 
for example, input-cuipu; informaiion 

35 transfer completed sucecb.st'ully. inpui-outpui 
device mairunciion. printer bu-fer overHow. 
parity error detection from device, or an 
indication that more disc tile rr ma;n 
memory lociitionv are needed tor comple- 

40 lion of' an information l^an^ fer. If a parity 
. error is detected b; the inputHL»u:put com- 
munication unit in connect .'.t v.i-l: reading 
from main mcmorv, ;he I 'O proce->or unit 
will send a parity crr-^r interrupt bignul to 

45 the system central processor. 

If the instruction received from mam 
memory denotes completion of a transfer 
job bv sinppinc the channel and reselling 
•the active bit. "the TO processor subcor?- 

50 niand matrix wil: send an I O joo com- 
pleted imerrupi to the central processor. 
This imernipt line signals t!iai an interrupt 
Slack cnirv has been sent b\ the 1 O 
• priKCssins'unii through the communication 

55 unit to the imerrupi Mcck address l-.Ka- 
lion in main memory identified bv ihc ad- 
. dre>s in interrupt stack address regibier 1:».. 
The data proce>sing system scheduling prn- 
cran is thereby signalled tl'.:a a iransicr 

60 job i) compieied on" a paiticubr inpui-'.'iii- 
put channel aad ihat the cliannel cun be 
assicned a new jot b> the central prw>- 
ce^^or; Wiien a rc'A job is a^.siencd. the 
central prvve^>or r:ii:.es a job :.tack tlay il^p- 

65 flop in proarr.m fl-ig flip-flop^ 101. which 



upon being grantcxl service b\ the I/O 
processor unit will provide directly or in- 
direciK a new state word for the chanp^l 
to be opera '.ed for performing the jv>b. 

The instructions obtained from main '0 
memory through communicaii '•n unit re- 
cei ers' 215 "and wommunicaii.^n lo:ch 
register 21" arj deiivjred to fui^^iior. re;:i>i:r 
cMcn-ion i-iO b> ^»ay ct" burfe: v-pi-r;;:.^ 
register Funcii-m regi^ler exicn>;or. 

FRE 140 is ;i lour word builer regiiie: i^-r 
rcceiv mc vcuuentialiv tour insirucii/n!- 
contuiaing word.s and pro-iuing >> liable.', as 
needed lo funciion register 145 under con- 
trol of unpacking and lornuting device U2 
and syllable counter > and controls 14 J, A> 
sho'.vn in the drawing, the function reciiiw-r 
extension FRE is capable of receiving ^nd 
storing instruction-communing words lu'.ir.g 
eight 'syllables. Since insuuciions requ re 
only one to six syllables as illustrated h> 
function register 145. each instruction «rrd 
obtained from main memorv and siorcd 
in FRE 140 may contain parii of tv,.» or 
more instructions which will bo unpacked 90 
and formated into function register U5 
for controlling the operation oi the l O 
processine unit. 

All instructions in the instruction 
repertoire of the input-output data service 95 
computer will comain as the llr^i sylbhie 
an operation code which identifies the opc.M- 
lion to be executed, such as load, store, add. 
complement, subiraci. shift, jump. ikip. 
transfer, subroutine jump or return, go. dela> . 100 . 
link, or release processor, .Ai>o. in liie pre- 
ferred embodiment, a portion of the fifth 
syllable and the entire sixth syllable con- 
tains an address modifier to be used by the 
processor in obtaining parameters or opcr- 105 
ands f*'*r use in executing the insiruciK'n. 
The remaining portion of" the fifth svlIa'.Me 
contains a code for referencing the inMr::c- 
lion lo one or the other of inde.N rcg titer n 
136 and 137. Syllable four conuin.x an 110 
address- modifier P which ma> be used by 
the instruction for modifying the address 
appearing in syllables five and six. The 
second syllable of the instructions may Cv^^n- 
lain shift control signals for directing ihai 115 
addressable operand register AOR be 
shifted by shift matrix 151 and to what 
extent in response to signals ceneraied bv 
shift control counierjt 147 and 148 which 
arc decoded by decoder 14*>. In the pre- 120 
ferred embodiment SCCA is given the 
number of one-place shifts thai arc to be 
performed in .AOR 122 and shift control 
counter B Ui- is siven the number of octal 
shifts to be made in the AOR. Thus, tor 125 
an addressable operand register coniiining 
52 bits, seven clock pul.ses at most are 
necfsiary for shifting this rcgiMcr from one 
to fifiv-onc positions vviihin the register. 

The second ftnd third yyllablcs of the 130 
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iostruction format can alterniicivcly contain 
first field bit and last field bit information 
for dciivcr>' to field discrLminutor 129 for 
controlling ihe fields of operand registers 
5 120 and "122 which are tn be utilized by 
the arithmetic unit. The instruction can 
designate that an operation be performed 
utilizing the lield include j befN^ecn the fir5i 
and last bit posit ion> and ni:iy retiin intact 

10 the excluded ficU. The second and third 
instruction s> liable^: also mu\ contain signals 
designating a shift or jump or special 
variant syllable which may specify mc direc- 
tion of 'iran>fcr between reuiiters oi the 

13 I/O processing unit or may Joniain a con- 
trol signal for"^ increasing or decreasing one 
or the other of index* reciiters 136" and 
137. This special \arian: sylhble may be 
inverted in inverter 146 and delivered to 

20 address modifier selector 111 for modify, 
ing either index registers 136 or 137. The 
contents of the index register to be modified 
arc delivered to address modification base 
selector 112 for being modified in address 

25 modifying adder 114 and returned to the 
index register by wa> of effective address 
register fl6. 

The most frequent use of the 1/0 pro- 
cessing unit is in the construction of de- 

30 scripiors in response to a set of insiruc- 
tions from a designated program in main 
memory which is assigned to the channel 
by the system executive scheduling program. 
It is important to note that the invention 

35 permits the assigmem of more than one 
input-output channel to each of the pro- 
grams and program routines stored in main 
memory since the 1/0 processing unit ser- 
vices only one channel at a time and since 

40 instructions and parameters are separately 
stored and separately addressed. Thus, many 
similar devices may be assigned to one 
program- which w iii be identified in the in- 
struction base address tleld of their str.te 

45 words since each may be assigned to a 
unique set of parameters by the' parameter 
base address field of each channel word. 
The specific transfer to be accomplished by 
the channel, the amount of information to 

50 be transferred and the addres> to which 
the information is to be transferred, etc., 
can be assigned by the creation of a table 
of paramcicrs in the main nicmor\. there 
being a unique table for each input-output 
55 channel The common use of program 
routines for the servicing of more than 
one of the input-output ciianne!^ reduces 
the mcHJory capacity required for >toring 
programs in rr.ain ineniory. The muhiplc use 
60 of progT;:m routines al.-* reduces a niri- 
mum the number of pr.^cr-r.:s uhici: must 
be set up and permit.'i the .<ch-.*ouIir.g pro- 
gram to simpiy utilize avaih'.ble prcrram 
routines which have been previously dc- 
65 bugged, lesied and sir.'.plificd. ret her than 



having to rewrite or recopy the program 
routines when assigning new- iniormaiion 
transfer jobs to the input-output channel*. 

In the preferred embodimeiu it has been 
found to be advantageous to group togeiher 70 
the iemporar> storage registers, the entire 
state word regisicr and associated index 
registers and 137. and interrupt stack 
reeiiter I55i in order to minimize signal 
transfer paths and to reduee the ^p^ce 75 
required for these registers in the proeebiinc 
unit. In the cmSidimeni shoun m Fig. 4 
which utilizes 4.S bit temporary storice 
registers and IS bit index registers, and 
instruction and parameter bai^e addresses. 80 
ten bit instruction counters, and a ten bit 
interrupt stack limit register, it has been 
found that separate grouping of these 
registers into subgroups 220. 270. 240 and 
250 is desirable. .As can be seen in :h£ 85 
figure, each of the subgroups has inputs 
from addressable opera n J regiaicr AOW and 
buffer operand register BOR. in addi;ion 
to inputs from ih? "efrcetivc address regiiter. 
the address r.iodifteaiion sum. oi a vord 90 
counter in sorre instances. 

Subgroup 220 is a two bit portion of the 
register grouping which contains the lir>i 
two bits of temporary registers C and H 
plus the one bit activity indication Ii9. a.< 95 
illustrated. AW other posiiions arc unused 
or not applicable. Ti:e inpur.N are an AOR 
bit signal or a I^OR bit signal which are 
cated as indicated hv command sisnals in 
AND gates 22i and 222. Signal input line 100 
227 is a lepreseruative signal line which 
corresponds to the second bit in each o! 
the registers. .Another input signal iine would 
be provided for !hc first bit po'^ition. An 
output line is provided from the second 105 
bit position to the corresponding AOR bit 
position as indicaied. Selection of the 
re'ji.Mer to be cnecicd by the input is accom- 
pliihed under control of the write control 
signals \V or the enable read control sigtnU 1 10 
E provided to each register portion of each 
subgroup. 

Subgroup 230 comprises ten bit positions 
of C "register 124 and H reeiiier 123. as 
well as ISLR and instruction counter 115 
134. including its last two bit positions 
which arc designated 135. The input to this 
subgroup over representative input signal 
line 237 is an ORed function ot gated 
signals from the AOR. BOR. addrc^? 120 
modiiier sum and in the case of the Ica^i 
rwo significant bii< of the instruction 
counter." a word counter. The output of 
this subgroup is transmitted to appropriate 
bit posiiions in the .AOR. ana in the bs» !25 
two pv>si:ion«. to the word counter. After 
being gated with enable read control sign?. is 
in AND gate 238. the output is delivered 
to an appropriate position in address 
modifier selector 111 which also receives 130 
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gated inputs from a gated funciioo of 

EAR + ISA + JSA + FR(V} ^ FR(INC) 
as illustrated. 
The third subgrocn 240 certains IS bit 
5 positions of CR and HR in addirion to 
index register 157 anu ilie insirucnon base 
aiddress resi^ter 133. Gaied iiiouiv fro.ni the 
AOR. the"EOR, and the E.\R ar.^ ORed 
. to representative input line 247. An output 

to i& provided from each position to a com- 
parable AOR position and is also delivered 
to an address nicdihcdtion b-isc selector 
position after being caied witii enable read 
, signals in AND gate 246. 

15 Subgroup 250 contain> 18 bit po.siiions 
of tlic" CR and HR in addition index 
register XIR 136 anc the parameter base 
address 131. Inputs from the AOR. E.AR. 
AM sum. and the BOR ..re gated by con- 

20'trol command signals and then ORcd to- 
gether over representative input line 257. 
Each position provides an output to a cor- 
responding -AOR position and adcr being 
gated with enable read control signals 256 

25 are outputted to an address modificauon 
base selector position, as is also a gated 
signal from CHBR 103 and a correspond- 
ing position in the AOR us indicated. 
The primary function i^f ihc J O pro- 

30 cessing unit is to construct dcscripiori each 
of which describes a specific information 
transfer to be performed in response to in* 
struciions provided by an external addre>»- 
ablc program siore and thereafter transmit 

35 the descriptor so constructed to the local 
memory unit. The descriptor is delivered to 
locai memorv write register 164 from the 
AOR and written into local memory thin film 
stack 160 ai the address location trans- 

40 mitted to local memory address register 
166 by effective address register 116. The 
transferring and storing of a descriptor 
the processing unit wQl occur only if the 
memory is not busy under control of the 

45" data service unit for servicing a data transfer. 
After delivery of a newly constructed de- 
scriptor to the local memory b> the J -O 
♦processor, the next program instruction 
may release the processor "from the scr\icc 

50 of that program and enable it lo scan pro- 
gram flag flip-flops 101 for servicing pro- 
grams on other channels. 

- /The I'D processing unit .shares the local 
memory unii with the data service unit 

55 hut otherwise operates independently of and 
. asychronousiy ro the data .<crvice unit. The 
1/b proce^ior also shares the communtca- 
tix^n unit with the dr.ta service imi;. access 
priority being coniritllcd Hy the opc" lion 

60 o' liming and comroi 20"") and ir.divaiors 
201 and 202 in coniunrtion v.nh com- 
municati»>n priority resrsl'.er 203. 

A detailed rep rc<;:nt.T lion of the manner 
of addressing a channel control in the local 

65 memory unit is illustrated in Fig. 5. A. As 



shown» thin Dim memory stack 260 contains 
for each channel control a state word. ;in 
index regisier field, a descriptor, and a data 
field. The state word and inde.\e> arc stored 
as one memory word in the local memorv 70 
unit. Tiie descriptor and data v.clil arc aUo 
stored as one memory word. Memory write 
register 264 and memory information register 
262 arc both capable of tran<miaing sepa- 
rately any of the four portions of a channel 75 
control. 

In the preferred embodiment tl'.ere arc 
512 inpui-cuipu: channels and therefore 
nine bits are required for addics^ing any 
one of the channel controls. The address 80 
stored in the channel base register there- 
fore contains nine bits v.hich are inserted 
into the S through 16 bii positions in ad- 
dress modifying adder 1 14 and effective 
address register* 116. In order to select a 85 
specific ponicn of a channel control, a 
constant is inserted into address modify- 
ing adder 114 at bit positions 17 and IS 
and transmitted to efTecuve address recister 
316- '90 

Ten of the address location bits are then 
transmitted by the EAR directly to local 
memory address register 266 and to adcircs,'? 
decoder 267 for selecting one word of a 
channel control consisting of a state word 95 
and index field or a descriptor and dau 
field. The least significant bit of the local 
memory address. \^hich is bit JS in the 
effective address register, is presenicc. along 
with its inverse from invertet IIS. to con- 100 
iiol gates 259. 26! for reading o;;: ;he de- 
sired Doriion of the seiecicd channel con- 
trol to BOR 120 or to gjics 263 and 265 
respectively for writing one or both pi»r- 
lions of the selected channel control in the 105 
memory unit from .A operand register 122. 
Provision is also made for cor>!ng 'd por- 
tion 01 a channel con-rol back imo the 
locai memory unit through gates 26? an J 
270 in response to copy memory :;ignals HO 
CMB or CM A upon being gated by*^ the 
control signals Cb or CA. 

Fig. 58 is a detailed illuMratlon of sample 
channel control 161, there being 512 channel 
controls in the preferred emb-idinivnt. Each 115 
channel control contains a state word con- 
trol designated 161-1 and a descriptor v»ord 
coniro! designated 161-2. 

State word control 161-1 ccmains a state 
word, index registers and an unused word 120 
portion. The state word itself comprises an 
instruction counter IC an instruction ba^e 
cJdresr IBA, and a parameter b:i>e ad- 
dress PB.A. Index registers XIR and \2R 
and an unused portion constitute the re- 125 
mainder of the siaic word coiurol 161- IX 
as shown. 

.As illustrated, descriptor word control 
161*2 contains a descriptor word and a 
data buiTer field. A descriptor comprises 130 
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the following information: byic size code. 
. byte posiiion code, control code. b>ic counu 
device status code, and nfiain memor> ad* 
dress. The remainder of ihc descriptor ^*ord 
5 161-2X is available for use as a data byte 
buffer by the data ser\icc unit. 

Fig. 5C illustraiw*s an alternative appa- 
ratus for mcniionng and servicinc program 
flags in the 1*0 proces^ina unit v.hich may 

10 bc^subsiiiuied in place of priority rcsoKcr 
and address encoder 102 nnd program flag 
flip-flops 101. In this embodiment the pro- 
gram flags, in the form of the numbers 
of the channels >fchich are awaiting program 

15 service by the procciising unit, are stacked 
in the unused portion of the state -Aord 
controls in the local memcr\' unit in the 
order in v.hich ihey arise. Two channel 
address registers, channel address counter 

20 A 106 and'crianncl address counter B 107. 
arc utilized for recording the existence and 
location of program flags in the memory 
unit^and arc used in addres:»:ng the program 
flags. 

25 Channel address counter A 106 stores the 
local memory unit address of the next pro- 
eram flag to be serviced and channel ad- 
dress counter B 10? stores the next vacant 
program flag address in the state word 

30 control portion of the local memory unit. 
The addresses in counters A and B ;=rc 
tested (or equality in comparator 108. and 
if unequal, the channel address located in 
counter A 106 is placed into channel base 

35 address register CHER and counter A 106 
is upcounied by one a! the same time. 

In the initial siaie. channel adJros 
counters A 106 and B 107 arc both zero. 
The processor begins operation upon 

40 recognizing a job stack flag from the central 
processor in job flag flip-flop 109 and fetches 
a state word from' main memoi) and may 
up-coun: channci address counter B 107 by 
one. Comparator lOS ihen deiecib inequality 

45 between channel address counters .A an J B 
and the processor suhcnmniand matrix de- 
livers the chanRtfl address in counter .A 106 
into channci base address register CHBR 
and at the same tLme up-counts channel 

50 address coiinier A 106. The processor v ill 
proceed to fetch the channci number stored 
in the zero channel pOsUi.'tn in the local 
memory unit and enter it into CHBR <ince 
channci address counter A had read zero. 

55 The proces.'H^r v. ill ihen fetch the state word 
associated with the channel number received 
and will execute the pf.^cram of that channci. 

Channel address counter B K'7 can be 
up-counted cither by th: p^^c^s£or unit 

60 under progrsn^ control throug;; channel de- 
coder 105. or by the cla:j sen ice -jnii upoa 
channel descriptor cxI;;ii:,Niiop. as indicated. 
Every time tho channci address counters 
arc unequal a?; dciemined b> comparator 

65 I OS. the processor unit wJI go to :he por- 



tion of the stale word control designated 
for program flags for obtaining the number 
of the channel which is to be next gramci 
program execution service. Thus the state 
^fcord control portion of the local memory 70 
unit which is designated "LNUSED" in 
Fig. 58 uill be operated as a first in — lUii 
o\ii (FIFO* prograrr riag siorage >iuck of 
the ideniillcaiion of channels ic be giwn 
program service. E;-.ch time a program fljg 75 
addre:>5 is taken from channel addre:iS 
counter A 106, that counter ii up-counted 
by one so that ii will point to the next 
program flag *.vhich will be the number of 
the device to be next ci% cn program service. 

An iniporiani feature of this embodiment 
is a provision for giving priority to certain 
high signal rate inpui*ouiput devices such 
as'disc"^fiies which transfer data in groups 
or bvies of eight words each. This priorii> 35 
is granted to the disc files by down-counting 
channci address counter A 106 upon recoeni- 
lion that a program service is required Tor 
such a channel and the channel number 
of thai device is inserted into the address 90 
in the local memory unit of the do\%n-couni;J 
contents of the channel address counter 
.A 106. Therefore, the processor unit upon 
detecting inequality between counters A and 
B. wiirfirst address the program flag of 95 
the disc file which is located ai tne address 
indicated by counter A regardless of whether 
o:her program flags are stored in oiher 
addresses m the local memory unit. 

Returning to Fig. 3. service of the de- 100 
scripiors is .placed in local mefuory stack 
160 and performed by ihe data sc-vici' unit. 
The first prereqaislie to servicing an :npm- 
ouiput channel is that the star; line iiip- 
ftop 171 for the input -output chduncl n^usi 105 
have been set by the program. This tlip- 
flop i.< set from' channel, decoder 105 in 
the processing uniu as sho^^n. 

The de\ice"to be operated, vvhether ii be 
an inputting device or an outpuiiing device, 110 
raises its service requcb! flag when avail- 
able for the transfer of a byie of infornw- 
lion and sets its senice request flip-flop 
172. Priority resoKcr and address encoder 
17? scans the senice request flip-flops and. 115 
upon upuarding priority and encoding an 
address, sends a* signal vC hich starts counters 
and controls 174 "of ihe data service cnfi 
as illustrated and transmits the address of 
the channel given recognition lo channel 120 
K)ok-3head register 175. The channel ad- 
dress is examined by decoder 176 and if 
designating an input device and if the input 
byte is present in the device controller, an 
iriput select strobe is sent to the device con- 125 
!r:^n:r to strobe the byi.* into input rcg;.«ti'r 
\^:\ Decoder 177 at this limc Mso deter- 
mines if a four or eight word inputting de- 
vice is involved, and if so. it enablc> gate 
178 from permitting tlie inp>Jited infomia- 130 
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ion to pass direciJy from receivers 192 
hrough input recjsier 19^, to ii,e communica. 
uon ^inii. thus bypassing b>te insenion or 
selection pung 191. 
5 As soon a/ihe local memorv unit is not 
busy, indicator 169 enables ciic 179 and 
permits the rccocnized input-outout channel 
address io be transmitted to procc.mc ad- 
dress register ISO. 

. 01 the local memory unit for accessinc the 
descriptor word, including the data buffer 
portion into memory inrornuiiion reei^icr 
'i^ .rV/r lJ^ and byte position erodes 
f J^^^'^fL^. *'>''^ ^^""^'^ position 
cecodcr 190 for enabling satin-' l^i to in- 
sert the byte into local mimon- write register 
164 for inputting devices or tb select a bvte 
nn J^.^ n''<^mor>' information recister 162 for 
20 delivery to an outputting device throuch out- 
put register 196 and drivers 197. Dbcoder 
l«l examines the channel address in PA 
register 180 and delivers an output select 
•strobe to the device controller if it serves 
25 an output device which accept^» bvies less 
than or equal to a xvord of data. Decoder 
"i^T • t counters and controls 

i74 which indicate the amount of data to 
be sent out and provide^ an en^jbline sienal 
30 to byte length and position decoder* 190 if 
t.ie transfer is to be a word or les< A 
signal IS generated at this time bv counters 
and controls 174 for strobinc the* data bvie 
from the input regisicr to local memorx* 
35 write register 164 or to communication stor'. 
age register 206 or 207 or from local 
memory information register 162 or com- 
municaiion fetch register 217 to the output 
i^^'""* Control signals are eeneratcd bv 
40 decoder 131 for resettinc the start line ,1ip*. 
flop involved upon error, malfunction or 
tcrmiiiaiion status detection and lor sctiinc 
the program flag flip-flop 101 for the channel 
upon exhaustion of the hv:c count field of 
45 the descriptor which signifies that the tran:,fer 
of a block of information has beoi com- 
pictcd. 

• Upon receving a noi-busv sicnaJ from 
either indicator 201 or 202' of "the com- 
50 munication unit, the selected channel address 
IS then delivered to output address rcji^cr 
IS.^ by gate 183. The output addre<:» reci^ter 
- is then decoded for deli\crina output Select 
strv>Dc; controllers of devices capable 
rc-.vMving four or eichi word oiiipuis bv 
. decoder 1S6 upon ih: receipt of im'ormaiion 
nom rram nicmorv- through 'he communicd- 
iion fritch register to output reeisicr 1V6 
Decoder |?7 produces signal :o indicate 
w n a lour or a eight word output transfer ii 
invclve^d. m which case cate I8{! will be 
cnnh.ed to permit the direct transfer of 
infornaiicn from communicaii.^n irnit fetch 
rocis:er 217 directly to drivers 197 through 
«^ parity generator 195 and output rcisi-r 
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196. thus bypassing byte insertion or sciec 
lion gaiini; 19!. ^tiuw. 

f.^'"^' '^"^ examines paritv of in. 

formaiion received from inputting inform" 
lion devices and delivers it^ sicul fo counters 70 
and controls 174. A .tatu.v ."icnal from the 
output device controllers delivered lo 
counters and comroi> 174 to enable counters 

transfer to inoperative or disconnect device 75 

ine communicationi !inii lus i\.o storu"e 
registers 208 ana 209 a»ociated wiih ad' 

foH^'/n?"?'!.' ^"^^ 'ndi-^ators 201 
and 202 indicate whether information is 
accumulated m the Moragc re-^isters await- 80 
ing deliv-ery to a main memorv- m.xlulc. 
Both information and memorv address 
signaJs are communicated to *ihe main 
memory module by way of comtnull^c;? 
non storage register 211 and drivers 2P 35 
ine memor>- address is sent from eiih"r 
etleciive address register 166 of the pi J -[in, 
unit or from memory information reciste? 

Te^ ^m !? ^.^^"'•niunication aJure.s 90 
register 204 and then to communicaiiort 

-!0. In addressing a mam memnrv modui - 
ifte mcrnory module code portion of com.' 
munication addres, register 204 is examined 95 
by decoder 214 for sendins a requcM to 
the memory module involved. L'pon receiv- 
mg an acknowledging siynai iron liic 
rnemory mi>dtile throuch receivers into 
timing and control 200. the nicmorv'mcdulc I'-^O 
address is traijsmitied to the m em.- rv module 

^Liu^? l'''''''''^ ^> '^'^ i.iforn;at,on 
signals from the communication siorace 
register. Decoder 213 examines the memorv 

Slf^ru^"!^ ^" ccmmunicaiion addres's 105 
register 204 10 determine the numKv of 

pariiv of information Mcnal^ received from 
mam memor>' by receivers 215 and^om- 
munication fetch register 217 i> examirvd IJO 
by parity check 218 which siciu s iS 
and control 200 directlv * * 

k.™ /iT^?'^', '^>'^'^ information 
bciween the local memory unit and a device 
controller or between the main memorv unit 1I5 
and a device controller, descrioior* field 

Z fJlH^ Tu""'- "P'^^^*-'^ the descriptor 
bv taking fields rrom memory information 
register 162. modifying them, and reiurnin*' 
mem to local memory write recister iw' l'>0 
ipon opdaiing the channel descrioior and 
reiurning a to the local nicmorv thin film 
st.icK the local memorv cnir is released ?nd 
tne uata service unit is available to service 
the ne.\t inp;it.o»rpui device liavine priority n$ 
m aj:cordance with i:: descriptor ai loon as " 
tne o;3! mem.Dr>- unit is not busv servicing 
the 10 processing unit. ' 

Interrupt stack "limit reci^ter ISLR 158 
whicn records the number" of cmries avail-* 130 
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able in the main memory inierrupt stack, 
is decreased by one each time an interrupt 
entry is made. Upon the detection that 
ihc ISL is zero by decoder 159. no more 
5 entries are au^mpicd in the stack. Decoder 
117 sicnals the l-O subcommand matrix 
when ^ihe ccni.'nts o[ cfieciive address 
rcijisicr 116 equal zero. This decoder may 
be" used for ic^mg the index rcgjiiers when 
10 desired under prccram control. 

Time counter 153 and pha^c counter 
154 provide control signals to ilic sub- 
command matrtx for clocking the cycles 
of operation of the inpui-ouipui processor. 
15 Control flip-tlops 156. which may be set 
and reset under program control as in- 
dicated, control the operation of the pro- 
cessing unit in skipping or jumpmg m pro- 
gram instructions as in the subroutine jump 
20 and the skip Lnsirjc lions. ,^ 
the mode flip-flop specifies wheihcr the l/u 
processor is encaced in cxecuimg channel 
programs cr is accessing new siaie words 
from the external job itack. , . u . 
25 Fie. 6 shows the logic gates of ine oyie 
Icngili and position decoder of the mv'en- 
lion which is dctienaied 190 m rig. 3D. 
The inputs to caics 301 are the first three 
bit positions of "thi channel descriptor which 
30 comprises the bit length code and the in- 
puis to gates 302 arc the next three bit 
positions of the descriptor which consiituies 
the bit position code. The inputs to these 
decoder gates are taken from meniory in- 
35 formation register 162 as shown m Fig. 3U. 
Sbt of the eight possible stales of the bit 
length code are used in gates 301 to pro- 
duce a signal for each size of bv-ic length 
lo be utilized in the input-output data ser- 
40 vice computer. All eight different permuia- 
lions of the bits of the bit position code 
arc utilized by gates 302-0 through j02-7 
to produce signals for use in specifvmg the 
position for insertion or selection of a byte 
45 of one of the specified byte lengths 

Fie 7 which consists of Figs. lA through 
7M omitting 71. and Fig. 8. when read 
tocether. illustrate the byie msenion or selec- 
tion gating of the invcmion which is des^g- 
50 naicd 191 in Fig. 3D. Each of Figs. 7A 
ihrough 7H and 7J through 7M have six 
gates A throuffh F for individually rccciv- 
Sic the six bit length signals produced by 
daodcr eates 301 of F.g. 6. In Fig. 7 A. 
55 caies 3MA through 31 IE each receive the 
bit oosiiion signal BPO as an input, gate 
31 IF havin- onlv DL 4S as us »nput^Thc 
outputs of ^the AND gates 311 are ORed 
together to produce a signal which indicates 
60 that a byte h to be placed or lakcn rom 
the fir^i ^Lx bit po.^itions of th,^ dai? bu..ur 
word *BLri-6 Inverter 510-1 
for providing the inverse of this bit length 
and D.'^Mtion* signal. 
65 In Fig. 7B. BPl is an input of gate 3UA 



and BPO is an input of gates 312B ihrough 
E while eatc 312F has only BL 43 a* an 
input. The ORed output of gates 312 is 
BLP7-8 which is inverted in m^crtcr -MO-- 
for supplvine the inverse of the Mgnul. BPl 
and BPO'arc also used as inputs to gates 
313 of Fic. 7C as ihown. The output of 
cate^ 315 arc ORed to produce the BLP 
9-12 bicnal and inverted to 310-} lo pro- 
duce the inverse signal. 

The bit position signals BP-. or\ ana 
BPO are used as inputs to gates 314 of 
Fie ID and 315 of Fig. 7E. The outputs 
of "these AND gates arc ORed together to 
produce the BLP 13-16 signal and ibrouuli 
inverter 310-4 its inverse in Fig. iD and to 
produce BLP 17-13 and iu inverse b> m- 
verier 310-5 in Fig. 7E. 

The bit position signals to Fig. 'ir .\?^L^ 
gates 316 are BP3. BP2. BPl and BPO. 85 
The outputs produced are BLP iy-24 and 
its inverse. In Fie. 7G. bit position signa.s 
BP4 BP3. BP2 and BPl are u:cd a.< in- 
puts' to AND gates 317 to produce output 
sienals BLP 25-30 and its inverse. Bit posi- 90 
nln signals BP5, BP?. BP2. and BPl arc 
utilized as inputs to .AND gate. 3i^^ m 
Fie: 7H to produce output signals bU 1 •-*- 
and its inverse ihrough ^5 
Fic. 7 J utilizes BPS. BP4. BP! and BPl 5 
as iiTouts to AND gates 3 IP for producing 
BLP ' 33-36 and its in\erse. .AND gates 
320 of Fie. 7K utilize BP6. BP4. BP3. BP.. 
BPl a? Inputs to produce output signal 
BLP '*7-40 and its inverse. Bu p.-*5i:K^n 
sicnals' BP6. BPS. BP3, BP2. 3Pl ^are 
utilized as inputs to .AND fates 1 ot * !g 
7L to produce output signal BLP ^!-^- ana 
its inverse. AND gates 322 of Fie^ M 
utilize as inpuis BP7. BPS. BP3 BP2 and 10- 
BPl to produce output signal BLP 
and its inverse through inverter 3I0-I-. 

Fi" 8 consibiinc of Fig. 8.\ ana SB. 
shows the eates which enable selective in- 
sertion or selection of bit positions wnhm 
a desired bvtc. In Fig. 8 A a gate 331 re- 
ceives inpuis from a corresponding bit 
signal from mcmor> intormaiion register 
162 and one of the bit Icngih and position 
sienals developed in Figs. 7A through 7M. 
for sendinc a bit from the mcmor>' informa- 
tion rceisFcr to the output register upon 
actuation of a control. Gate 352 receives 
one of the bit length and position sicnaiN 
from Fics. 7A throuch 7M and a corre- UU 
spondins bit sicnal from cornniunicaiion 
fei'^h register 217 for sending a bit posni<?n 
front tiTai rccibter to the outpiu register 
upon receipt of a control signal AND 
gates 3^1 and 332 of Fig. 8A are the final 125 
njie^ of the output selection gating apparatus. 
" In Fic. ^B. a gate 333 recci\c> ont o* 
the bil'ennth po'iiiion signah and a bit 
signal frorn^ihe input register for sending 
an information bit to the local mcmor\- stack 130 
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or mam mcnior>' buffer. Gate 334 receives 
the inverse of the bit lencih and position 
signal and a bit signal from the memorv 
loformaiion register tor sendinc a bit from 
5 that memor>- register lo the local memorv 
isiack or mam memorv bulTer. Gates "^v, and 
334 are ihe final gates ot the input insertion 
gating apparatus. 

Figs. 9A through 9F show alternative 
10 bti insertion or selection gaiinc desienaicd 
191 in Fig. 3D. By rcceiWne fnpui Mcnals 
from bit length gates 301 and bit position 
-gates 302 of Fig. 6. the AND caies 341 
of Fig. 9A produce bit length and position 
15 signals BLP 1-6 and BLP 7-8, buffers 340-1 
and 340-2 being used to equalize siimal 
magnitudes as shown. The inverse of thesj 
bit length and position signals can be 
, obtained by use of inverters as in Fiss. 7A 
20 through 7M. Gates 342 of Fis. 9B sate 
together bit position signals and" bit lencih 
signals to produce BLP 9-12 and BLP 13-16. 
These may be invcned as needed. AND 
.gates 343 of Fig. 9C receive bit lencih and 
25 bit position signals to produce BLP 17-18 
and BLP 19-24. AND gates 344 of Fis. 9D 
.receive bit length and bit posirion sFcnais 
to produce BLP 25-30 and BLP il^^^f 
AND gates 345 and 356 of Fics. 9E and 
30 9F receive bit length and bit position sienals 
to produce respectively BLP 33-^6 BLP 
37-40. and BLP 4M:. BLP 43-48. All 
butters 340 utilized in Figs. 9A ihrouch 9F 
are similar and are used to equalize sienals 
35 and loading in the circuits. 

The bit length and position sienals pro- 
duced by the gating circuits of "Fics. 9A 
through 9F may be used as the BLP in- 
puts to the gates of Figs. 8A and SB. which 
40 constitute the final gates of the input inser- 
tion and the output selection gates of the 
invention. The invened bit length and posi- 
tion signal required as an input to cate 334 
of Fig. 8B can be obtained bv inverting 
45 the appropriate BLP signal of ihe circuits 
of Figs. 9A through 9F. 
Figs. 10 and U when read tocether con- 
. stitute the priority resolvcr and address en- 
coder of the subject invention which is 
50 designated 173 in the data scr\'ice unit as 
shown in Fig. 3D and designated 102 in 
the, -input-output processing unit as shown 
^ in' Fig. 3B; Fig. 10 con^sts of Fics. lO.A 
through !0F and JOAA through' lO.AC. 
55 Fic. lOA being a format drawing 5houinc 
the manner in which Figs. JOA.A^io lOAC 
are to be arranged to 'form the detailed 
losic catinc for the gates of Fig. J 1. 
In rig. lOA. which consists of Fins. lOAA 
60 ihrouch lO.AC. the firM W fla? nip-flops 
and their inverse signals are eated to pro- 
duce a sicnal dcsicnared A9]. which will 
be hich for any flip-flop who^e binary 
equivalent number ends in a "I", that is. 
^5 a flag civcn an odd decimal number. Bu.Ter 



elements 351. 352 and 353 are utilized fo^ 
bulTenng signals obtained from saiina the 
first 8 flags, the next 24 ftaes. and the last 
32 flrigi which signals arc ORed toeeihcr 
to form the A9I signai. There will* be s 70 
scpiirate .A9 signal generated for each sue" 
cecdmg block of W flaci. there bein'^ a 
total of eight blocics in all if 512 ilans^are 
to be serviced. 

Fig I OB shows a gating circuit comoris- 75 
ing AND gates 360A throueh 360R' for 
generating a sicnal A81 which is the ORed 
result of the outputs of buffers 561 and 
j62 ASI will be high for ever>' flac ha^ine 
a "1 m the ne.xi to the least sicnificam 80 
bit position of ;hc equivalent binar\ number. 
Fig. 10^ shows a gating circuit for develop- 
ing a signal A71 through buffer clement 371 
utilizing gates 370A through H. A71 wiU 
be hign for any flag whose binarv equivixleni 8^ 
number has a "P* in the third least s:a- 
nificant bit position. Fig. lOD shows a cal- 
ing circuit utilizing gates 380A throii-'h'' D 
for developing a signal A61 ihrouch buficr 
element 381. A6! will be hich 'for .mv 90 
flags having a V' in the fourth L-asi 
significant bit position. Fic. lOE shows a 
gating circuit havine cates 39J and jQ** tor 
producing a signal A51 which will be hi^h 
for the first 16 and third 16 flip-flor^ of 95 
each group of 64 flags. Fic. lOF illuitrutes 
that a signal A41. produced ihrouch buif.v 
clement 396. will be high for the first 32 
nip.flops m each croup of 64 As in the 
developmem of .A9! in Fig. lO.A. there will 100 
be eight sets of gates similar to Fi"s lOD 
through lOF for developing correwndin- 
signals for each of the eicht croups of 64 
flags which would be present ^in a total of 
512 flags. 

Fig. II which consists of Fics. II A 
through C illustrates gatinc means" for de- 
veloping a signal corresponJinc to the car- 
iicular crpup of 64 in which a"flai appwrs. 
These group signals are ANDed* with the 110 
corresponding A9, A8. A7. A6. A5. and 
. signals and then clocked to produced 
clocked AO A8. A7, A6. A5. and .M 
signals which are the six least sianirlcani 
bit positions of the binary address code 115 
for the flag to be recocnized. The croup 
signals are further seleciivciv ORed tocether 
and clocked in gates 503. 502 and <0\ to 
produce clocked A3. A2 and A I "sienals 
which arc construed as the three mosf si*-- i-*© 
nificani brt positions of the address of the * 
program flag given prioritv recrcnition by 
ihc^prior.cy revolver and address encixJcr. 

Mg. 12 shows a modular data proccssins 
sy.Mcm m which the input-output data scr". n$ 
yycc computer of ihii invention is shown 
connected as an inpur-outpui control 
module. Such a system incorporates a 
cenirjl exchange to which are connected 
central procesM^r modules CPi to CP3 and 130 
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memory modules MM I to MM16. Several 
of the inpui-ouipui data service compuiers 
of the subject invention may be incorporated 
into the svsiem. being idcntined in Fig. 12 

5 as lOMlf IOM: and 10M3, The input- 
output computer modules are shown con* 
necied to the p-jripiic-ul device controliers 
by an inpui-ouin ji cxchan:? N^hich con- 
nects to. for ex an: pi:, di^c tile com rollers, 

10 card reader cop.iro.l-Mi. mjcnciic tape con- 
trollers ancl teletype cr.r/.rDilers. 
Fig. 13 sho^-vs the inicrconneciions pro- 
• vidcd beiween U'.c inpu; -output data service 
computer and other components when 

15 utilized in a moa:iiLr data procesiinc system 
as in Fig. 12. In Fic- 13 the inpui-oul- 
put data* service cornpuur of the subject 
invention is idciv.ih.d as lOxM and in- 
corporates a numtcr of se'.s of drivers and 

20 receivers for coirniinitating with one or 
more central pr.:».x-5scr modules CPM. 
raeraor> modules MM, a simplex input de- 
vice conirollcr SIDC. and a simpie.\ output 
device conirolier SODC. The inierconnectmg 

25 cables transmit the necebsar> signals be- 
tween the input-output module and other 
modes and peripheral device controllers in 
such a system. Cal^lcs having a circled 
number thereon illustrate a bus in each case 

30 which contains the circled number of con- 
ncctinc lines, li is important lo note thai 
for some of the modules, the input-ouipui 
module contains a act of receivers for each 
one of that type of module, while the 

35 input-ouiput module contains only one set 
of receivers for serving each of certain other 
modules of the same type ihrousii the cable 

bus. . . - 

It should be noted that a Imk mstruciion 

40 may be pl.iced in a channel parameter area 
in main memory for directing the input- 
output processor to switch from processing 
a procrani on one I/O cliunne! and bccm 
cxccufing that program on another channel 

45 in accordance with a set of parameters unique 
thereto. Execution of such link instructions 
enables this data service computer to per- 
form a scries of transfer jobs with similar 
devices without having to seek a new job 

50 state word for each transfer Further, to 
be noicd i^ that the 10 processor may be 
instructed to proce>s information directly 
from main memory without processing a 
channel state word or directing any 

55 peripheral device transfers. This mpui-oui- 
put computer may therefore, proccsii data 
direcilv from main memory m parallel with 
the svstem central processor, if desired. 
Drscnpiiivs oi the input -out pui data ser- 

60 y'tcc computer operation: 

The inpui-output data sen ice computer 
rclcntlcs5K looks for work to be performed. 
Assuminc tl.at the I/O proc^^ior unit and 
the duiJ "bcrvi:e unit arc both in their inmal 

6^ state "the I/O module waits for a signal 



from the central processor to start opera- 
tions. Along with this signal and a job 
Slack tlag from the central procjisor. an 
18 bit memory moduL address received by _ 
the I/O module ii stored in th;; job si-cK 70 
address register JSAR, wiiich point- lo the 
next stale *word in tue job ^tack. The job 
stack in ilie mam nKn:or> k^cp^ u in', oi 
ull the jobi lo be cxecuiiJ b> l.O 
module in the form of state worJ^. In 75 
response to the job siack flac liie I O pro- 
cessor fetches a si::ie worii f;om ilie job 
Slack in ihc memory module and incrcmeras 
the jcb stack address register. The state 
word is stored in the suie word register oC* 
while ihe ■:hannel iiurr.ber is siorcci in the 
channel base address register. The in^iruc- 
lion counter of the state word regiMcr is 
then sei to zero so tiiat the first p^oc.am 
word will come from ihe addreti i.idicuieJ S5 
in the instruction base address rcgisier. 

The large repertoL-c of ins;ru*.-;i.'P..'' lor 
the I.'O processing unit provide^ ihe 1,0 
modules with decision r.iaicing tool>*. lt> 
prime function is to assemble deseripion 90 
using a memory module address lo and U^^t, 
where data w'ill be transferred Tiie de- 
scriptor also comprises a neld which de- 
fines a bvie count or number of coii?eeut:* ^ 
bvics to' be transferred, a field which de- 
fines the bvtc size and b>te position. a-:> 
a field which derines the icrininaiing status, 
and fmallv s'^me cortroi bits. The memory 
module a'ddress deiines the siari of the 
buffer area in the memory module where 100 
iho data is temporarily stored while c;»ing 
to or from the di^c fiie memory. Two yadx 
buffered areas ::re Ubci b> each inpui or 
output device so that while the data ii^rsfer 
take? place between the first buiicr and 105 
the disc file memory, a second data •r:'r.>f£r 
takes place between the second butler area 
and the slower input or o-eiput device., 

Besides the data areas, the memory 
module also contains ihc program to be 110 
exercised by an input-output channel. The 
buffer areas' are unique to each iiipui-ouiput 
device while the program can be shared 
bv many input-ouipul devices similar in 
r\ature. parameter area is also unique to 115 
each input-ouiput dc\icc. its base address 
beinu retained in the Mate woid register. 
TheVara^icter area keeps a list of ih* para- 
meters which arc unique to each dovicc. 
This list contains the two memory module. 120 
addresics for the buffer areas, the byte count 
which is inserted in the descriptor for c;>n- 
irollin!: the transfer of each blccl; of data, 
and perhaps the table which lists the aciicns 
that have taken piace from the beginnmg 125 
of the job to the end. 

The instruction repertoire of the I/O 
processor unit, unlike the general purpose 
computer, is oriented toward the functions 
that the I/O module most perform. The 130 
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I/O processor unit must operate on the 
many descriptor fields in order to form and 
check deicriptors. The fie ids are defined 
in the insiructioni and ihc fiS\d discriminator 
5 allows, addition. sabiraciii?r,. cor.^ pa rison and 
other operations io be pjrrjrnitJ in the 
arithmetic unit. 

Once the descriptor is f-Tmed. i; is stored 
in the descriptor field in the chunn^i con- 

IQ trols in the Ioc;iJ mcmor\ Tiv^n start 
line of I lie device who^j number is con- 

- tained in the channel b;isc address register 
Js raised. Finally the processor unit ii re- 
leased. The I/O p roc sing unit is then 

1^ free to de»crmine whether i new entry exists 
in the job stack, and if ;.o it »vill pioceed 
to form a new descriptor from the nc^»' 
state word from the job ^tack uiiti] the 
list of jobs is exhausted. 

20 Once the stan line is raised, the de\icc 
controller sends a scr%ice request to the data 
service of the I/O module informing the 
latter that it is ready to either send or 
receive a byte of data. Upon sensing the 

25 'data service request from the device con- 
troller, the 10 data scrxicc unit reads the 
descriptor from the corresponding channel 
control in the local mcmorv and allows 
the transfer of the byic. Then the descriptor 

30 is updated, thai is» the b>te count is de- 
creased by one. and if the memory transfer 
took place, the memory address is also 
modified. 

The I/O data service deiicned to accept 

35 a variety of byte sizes. One byte may con- 
sist of a character of 6 bits or a character 
of 8 bits, or two. three, or four characters. 
These byte sizes are assigned to slow de- 
vices. For faster devices a byte size of one 

40 word or four words or eight words is as- 
signed, the words consislinc of 48 bit<. 
When a byte size of le^s than one v.ord 
is received in the data service unit, it is 
packed into the buffer word which is stored 

45 in local memory along with the descriptor. 
' When this data word is full, i: is then trans- 
ferred lo the buffer area in the mcmorv* 
module. For an output device which takes 
• a bvtc transfer thai is less than one word. 

50 then the reverse proce5> occurs where the 
bvics arc unpacked from the word which 
iv fetched from the memory modiile and 
stored in ihe local memory temporarily. 
The 1. O data serv ice unit is orcanizeJ 

35 into many input and output busses. Since 
the data 'lines of many input devices are 

- connected togciher, an input select strobe 
is sent to the" input devijc which selects the 
data ai the device controller and sends the 
imormation over the bjsscs into the input 
rccister cf the daia service unit. This func- 
tion is p.'rr>rmcd by the look-ahead adaress 
recisier and is controlled by the correspond- 
ing counters and controls. If the b>tc size 

65 i>'of one word or four words or eight 



words, it is guided directly to a storage 
register of the communication unit to be 
stored in an external memory module. The 
proccssir.s address register, called HA. has 
the function of readirg the descriptor from 70 
the local memory, updating the memory 
addrcis if necessar\ . and dccremeniini; the 
byte count and upd;;UP.g '.he bvie position 
again if nevessary. )n ihj case of an out- 
put device, the output byic is dirccied from 75 
the fetch register of the communication unit 
directly inic the output register under th; 
control of tne output address register OA, 
and its counters and controls if the output 
byte was of one. four, or eight words. 80 
If the byte was less than one word, and 
if the data word in local memorv was 
empty, then the word fetched a: the memory 
address indicated in the descriptor through 
the communication unit is stored in locJ 8^ 
mcmor} \\ bile the firs: byte i& directed to 
the output register This byte is denned by 
the byte position and byte length fields 
which are in the descriptor. In the case 
of an input byte of less than one word. 90 
the byte is inserted into the data word using 
the same byte length and position decoder. 

Several service" requests may be received 
by the data service unit simultaneously. 
However, priority will be resolved and a 95 
device which requires more frequent ser- 
vice will have priority over a device which 
requires less frequent scr.ice. This priority 
resotvcr has the function of encoding the 
requesting fiip-ilop leve! into a device 100 
number or channei address vvhich is used 
to address the corresponding descriptor in 
local memory . Once a start hne is raised in 
the controller of the device, the device then 
operates at its own speed in sending a 10? 
service reuuest to the I/O module when 
strobed and in buffering one byte of data 
while operating on the second byte. Between 
service requests of one device, the l.'O 
data service unit responds to other service 110 
requesui from other devices. The device 
controllers thus continue making data 
transfers until the descriptor is either ex- 
hausted or a terminating status has been 
detected. The descriptor is exhausted when 115 
the byte count reaches zero The byte count 
of zero is a terminating status as well as 
a .malfunction detected bv* either the device 
controller or the l/Q data service unit, .A 
terminating status may consist of a parity 120 
error detected in the transmis.Mon of data, 
a malfunction of the device itself, or a data 
too &Io\^ status to mention only a few of 
the terminating statuses. 

When a terminating sutus is detected 125 
by the data service unit, it is then a func- 
tion of the data service unit to inform the 
1 /O processor unit of the descriptor termina- 
tion. This function is performed with the 
use of a stack of program flags located in 130 



16 



1.167.762 



the bcal memory portion which contains 
the state words and the index registers. 
This stack consists of consecutive state word 
addresses into which the program flags are 
5 stored. Each program flag indicate^ ihe 
number of the device which requires pro- 
gram service. Twc- countable address 
registers conirol ihi nriting and reading 
of device numbers whose descriptors ha^e 
10 been exhausted. One of the address registers 
contains the address at ^Wich a device 
number or flag Ci.n be next entered and the 
other address register contains the address 
of the device number which is to be scr- 
15 viced next. 

If the two adJrssscs which conirol the 
stack of program rlai:^ are not equal, the 
I/O processing unit is informed that the 
local memory unit hcs at least one entry 
20 in the program Ibg stack. Everv' ti^e 
I/O processor is released from a program, 
it looks for another procriim flag. The func- 
tion of the I/O processor unit then is to 
read the terminating descriptor and check 
23 to see if the descriptor was exhausted. The 
program is then resuncd for the device if 
the descriptor was exhausted and a new 
descriptor is constructed to direct the 
transfer of another block of data. This 
30 process of constructing descriptors and 
checking them once the descriptor is ex- 
hausted, is continued by the TO processor 
unit until the job is completed, using the 
two buffer method, so that for ever\' block 
35 of data which is transferred from the de- 
vice to the I/O or from the I 'O to the de- 
vice, at least two descriptors arc con- 
structed, one for the device transfer itself 
and another for the data transferred to or 
40 from the di.sc file memory. 

When a job is completed, the I/O pro- 
cessor sends an interrupt signal to the central 
processor and at the same time puts a code 
in the interrupt stack in the memorx- system. 
45 This code informs the central processor 
either that the job was completed properly 
or was not completed ai all. An interrupt 
stack address register ISAR in the I/O 
proccssinc unit retains a pointer to the inter- 
50 rupt stack located in a memory module. 
This pointer is incremented every tL-ne an 
eoirv is made in the interrupt stack. .Asso- 
ciated with the interrupt stack pointer is 
an interrupt stack limit register ISLR which 
55 limii* the number of entries that can be 
made in the interrupt stack. 

Oiher interrupt signals may be sem to 
the central processor such as no access to 
mcmorv module or parity error detected by 
60 the communication unit on data received 
from the mcmor>- iiK»Juie. The instructions 
sent to the I 'O processor unit are organized 
in one to six syllables which are packed 
in mcmorv words. One syllable is the opera* 
65 tion code, another syllable is used for an 



address modifier, two syllables are used 
for field description, and imally two other 
syllables are used for addressing the memory 
module or the local memory. Thcw la>: 
two svllables can be relative to either the 
proeram (instruction) base addrcris or the 
channel base address. The inscructions ^ary 
in lcn-.:m from one syllable, v.hich is Uie 
operator, to six syllablci. The re;:son for ^ 
havina variable length instructions is to -5 
achieve greater program density in the 
mcmorv module. , , 

The '1/0 data senice unit has pnoruy 
over the 10 processing unit in the kxal 
memory unit. The local memory unit is de- 
siened to accept an instruction of jpli: cycle 
which allows a read cycie. then a pause, 
then a write cycle. This pause is taken 
advantase of by the data service u.nit to 
update the descriptor vvhen a byte of in- 85 
formation is iransfened. The data service 
unit also has priority over the processor 
unit in the communication unit. 

The I/O communication unit consists 
functionally of temporary butTer areas, a 'HI 
communication .store register and a conv 
munication fetch register along with soiuo 
timinc and controls, and a parity generator 
and paritv checker. Two four-word burtcr 
areas arc' used to receive multiple word **5 
bytes coming from an input device, each 
havinc an associated address. These four- 
word "builer registers can also be u.wd 
alons with a corresponding address for a 
one word store in a memory module. .-\n- IW 
other address register is used to hold an 
address for a four- word or one -word fetch 
from the memory modules. .Along with 
each address is a code which mform? the 
memory- module of the type of operation 105 
to be performed such as a one-word or 
four-word fetch or one-word or four-word 
store. A fetch instruction to the com- 
munication unit has priority over a store in- 
struction. Ranking fourth in priority of ser- 1 10 
vice in the communication unit is the request 
from the processor unit for either a fetch or a 
store in mcmorv module. 

Thus the I/O module is capable of 
operatinc 512 simplex devices simul- U5 
laneouslv. These 512 simplex devices consist 
of 256 output and 256 input devices or 
256 half-duplex devices. The b>te size and 
rate of data transfer of each device deter- 
mine its priority in the priority scheme. 120 
Bufferine all incoming and outgoing data 
on the disc file memory, which is a high 
speed device, alleviates waiting periods for 
the central processor. . 

The 1*0 module has the capyoilr.y of 125 
handling linked descriptors such that when 
a descriptor is exhausted in the data ser- 
vice unit a new descriptor is fetched from 
the memor%- module which controls the 
transfer of 'the next block of data. The 130 
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option of linking descriptors is exercised 
by the 1 'O processor unit under program 
control when forming the original descrip* 
tor. This option is particularly useful in 
5 controlling transfer daia from or lo a real 
lime device. The instruction to link an- 
other ^lescripior is placed in ific control 
field of the crisinaity consiru^T^-j dc^criplor. 
The data service unit scti d proin-am tUe 

10 .upon the term i nation of each descriptor. 

whether linked or noL to infcrm the J O 
• processor unit that the discripior is ex- 
hausted. This permits the translcr of data 
to or from the memory buffer area just 

15 utilized while another bufTcr area is being 
filled or emptied in accordance with the 
linked descriptor. Furthermore, each linked 
descriptor can be linked o a further de- 
scriptor for unbroken ser ic; cf an input 

20 or output device when necessarv. 
WH.^T WE CLAIM IS — 

1. An input-ouiput programmable com- 
puter for use with a data communication 
system, said computer comprising : 

25 a processing means for constructing in- 
formation transfer descriptors under program 
control. 

an input-output controller comprising a 
plurality of input/output tcrminais and a 

30 local niemorx' for storing address informa- 
tion relating to locations of input/output 
channel prograt^s stored in the system and 
said information transfer descriptors, and 
a data service means coupled to said 

35 local memory for decoding the information 
transfer descriptors and transferring data 
between said input /output tcrr.iinats or b:- 
iwecn an input 'output terminal and the 
system in response to different ones of said 

40 descriptors. 

2. The apparatus according to Cairn I 
wherein 

said processing means is coupled :o said 
system and to said local memory for con- 
45 structing information transfer descriptors 
directing input -'output data transfers by 
executing procrams stored in the system 
which it addresses directly upon obtaining 
said program address information from said 
50 local mcr:ior>' for teminais ready to per- 
f'.irm a new data transfer, and 

said data service means is coupled to 
said input /output terminal? and to said 
' svijtclm for performing information transfers 
.^5 under control of the descriptors constructed 
h\ said rrocesjinc means. 
• * 3. The apparatus according to Gaim I 
or 2. whfrcin: 
«niri local rtenior>' wres a channel con- 
60 ir-^l for e:ich ir.nul oiiiou: remiina!; 

5iid r^rrtcefsitic means fun her comprises 
r'.c.THs ft^r oN.iininc instruction and para- 
rictrr a'.'irf'S information and means for 
exci't-ng liic instructions uii!izinc the para- 
^5 meters so obtained for deriving new in- 



formation transfer descriptors; and 

said data ser\'ice means further com- 
prises means for signailing said proces>tni 
means of the completion oi information 
transfers. 70 

4. The apparatus of Claim 1, 2 or 3, 
wherein 

said local mcnvory has addressable loca- 
tions for storing u ch;*nnel control for each 
input output terminal including address in- 75 
formation of instructions and parameters 
stored in the system and an information 
transfer doscripicr; 

said processing means is coupled to said 
local memory for responding to input, output 80 
channel program f!ags; and 

said data senice means funher comprises 
means for raising individual channel pro- 
gram f^ags upon completion of infonna- 
tion transfers specified by the descriptors. 

5. The apparatus of any one of the 
preceding claims, wherein 

said plurality of input output terminals 
are coupled to peripheral input /output de- 
vices, and ^ 

said data service means further comprise 
priority resolving and address encoding 
means connected to said peripheral input/ 
output devices and to peripheral device 
controllers for encoding the local memor\* 
address of the channel control of the 
peripheral device of highest predeter- 
mined priority which is ready to perform 
an information transfer job. 

6. The apparatus according !c» any one 100 
of the preceding claims wherein said local 
memory further*co:r.p rises a iiack for sior- 

ing program Hags v.hich identify specific 
input . output rerrninals ready to receive nr.v 
information transfer jobs and the processing 105 
means further comprises a procram flag 
responder for sequentially loading program 
flags into the local ir.cmor> stack position- 
ally in order of priority for identifying the 
next input/output channel program to be 1 10 
processed. 

7. The apparatus according to any one 
of the preceding claims including data buffer 
means coupled" to said input /ouipui ter- 
minals and v/herein the data service means 115 
further comprises dau transfer enabling 
means for in.*: er ting into or selecting from 
said data bufTet" difTereni size bytes of in- 
formation for ditTercnt input/output devices. 

8. The apparatus according to Claim 7 l-t^ 
wherein a jwrtion of the local memory 
bufTers data transfers as pan of the channel 
controls, the dewripiors of which include 
byie size code, byte position code, ^y'^ 
count, and the address of a data word » — 
storage location in tho sysrem. 

9. ' An inpui-ouipui programmable com- 
puter for use with a data commuoication 
system, .said computer comprising: 

a processing means for constructing in- 130 
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formaiion transfer descriptors under procram 
• control and for addressing a stack of input/ 
output data transfer jobs stored in said 
system to obtain system address informa* 
5 tion of input output data transfer programs 
to be executed. 

an inpui-output controller comprising a 
pluralitv of input output terminals and a 
local memory for storing address informa- 
10 lion relating' lo locations of input, output 
channel procran:s stored in the system of 
said informalion transfer descriptors, and 

a data service meani coupled to said local 
memory for decoding the information 
15 transfer descriptors and transferring data 
between said input -output terminals or be- 
tween an input/ output lermiiul and the 
system in response to different ones of said 
descriptors. 

20 10. The apparatus according to Claim 9 
wherein the system address informalion of 
input/output channel programs includes an 
instruction base address, an instruction count 
indication, and a parameter base address 

25 and the processing means comprises means 
for stepping said instruction couni indica- 
tion upon the execution of an insiruciion. 

11. The apparatus according lo any one 
of the preceding claims wherein certain scis 

30 of input /output* program instructions stored 
in the system are "applicable to directing 
iixformaiion transfers by different ones of 
the input-output terminals, as specified by 
unique sets of parameters stored in the 

35 system for the input and output terminals. 

12. The apparatus according to any one 
of the preceding claims, wherein input/out- 
pui channel program routines are located 
in the system and a system scheduling pro- 

40 gram stored in the system assigns those 
routines selectively lo the input, output ter- 
minals and the processing means consirucu 
an infonnation transfer descriptor for in- 
dividual terminals for storage in the local 

45 memory, in accordance with at least one 
of said program routines and a set of para- 
meters sioreid in the system for the individual 
terminal. 

13. The apparatus according to Claim 1, 
50 2 or 3 wherein 

said system stores a stack of input /output 
data transfer jobs, and 

said processing means addresse.^ said stack 
responsive to the availability of an input/ 

55 output terminal to perform a new informa- 
tion transfer job for obtaining instruction 
and parameter address informalion relating 
to an information transfer job to be per- 
formed b\- the .^system and .stores said in- 

60 formaiion* in the corresponding channel 
control in local memory. 

14. The apparatus according lo any one 
of the preceding claims in combination with 
a disc file connected to selected input/ 

65 output terminals, the input; output com- 



puter comprising means to transfer data 
between the system and the di>c tile directly 
and compriiiiic means to transfer tiaia be- 
tween peripheral devices and the disc file 
utilizing the system for icmporarv caia 70 
storage. 

15. " The apparatus according lo an> one 
of the preceding claims wherein sale data 
service means comprocs p.icani lor iraii.-fcr- 
ring input output di'.ia in \ari;iblj biie b>;c*: .'^ 
responsive lo* the descriptors consiruv*:cd 

by the processing mcens and includes 
priority resolution means (or enabling 'n- 
formaiion transfers by the input output uc- 
vices in accordance with a pre-arrdnicJ S, 
priority. 

16. The apparatus according to any one 
of the preceding claims, wlierein the pr - 
gram address information located in the 
local memory includes an instruction bav: 85 
address, an instruction count indication, an J 

a parameter base address and ihe.descrip»o:.< 
include byte size c^nle. b>;e position Ci^Ie. 
number of bytes to be transfeixed. and iin 
external memory data buffer address. 90 

17. The apparatus according to Claim I. 
2 or 3, wherein 

said local memory stores input /output 
channel controls including ^y.stem address 
informalion of data transfer programs and ^5 
information transfer descriptors. 

said data ser\icc means further comprises 
means responsive to said descriptor* ror 
transferring data between peripheral devices 
coupled to" said input/ output lerniinals and 100 
said system upon demand, and 

said processing means coupled to ."Uid 
local memory and to said system further 
comprises means for accessing said pro?rar.i 
address information in said local memory 105 
subject to priority access by said data ser- 
vice means and further comprises m'.wns 
for deriving said information transfer dc- 
scripior< from program instructions obtained 
from said s>siem. 

18. An mput-outpui programmable com- 
puter for use with a data communication 
system, said computer comprising: 

a processing means for constructing in- 
formation transfer descriptors under pro- 1 15 
gram control 

an input-output controller comprising a 
plurality of input /output terminals and a 
local memory for storing address informa- 
tion relating to locations of input/output 120 
channel programs stored in the system and 
said information transfer descriptors. 

a data service means coupled to said 
local memory for decoding the iniorma:ion 
transfer cci^cripiors and transferring data "-5 
between said input output terminals or be- 
tween an input; output terminal and the 
system in response lo difTenenl ones of said 
descriptors, and 

a communication means for coupling said 130 
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processing means and said data service 
means lo i he system and comprising means 
for allowing ihcm aiternuie access lo said 
system, subject to priority for input data 
5 transfers from the data service means. 

19. The apparatus according to Ciaim 18 
wherein ihc means for controlling access 
to said system further comprises means for 
allowing instruction requests from ihj pro* 

10 ccssing means to take precedence over out- 
put data transfers to the data iervice means. 

20. The apparatus according to Claim 17 
.wiierein tiie local memory includes storage 
locations for data words to he transferred 

15 in bytes of data and the daia service means 
comprises means for transferring said data 
byies through the input 'output terminals 
upon demand and according to a predeter- 
mined scheme of terminal priority. 

20 21. The apparatus according to Claim 1, 
2 or 3 wherein 

said local memory stores input /output 
channel controls relating to specific informa- 
lioa transfer jobs, 

25 said processing means is adapted to be 
coupled to the system and further comprises 
means for accessing stored control informa- 
fion relating to information transfer jobs 
to be performed and means for developing 

30 individual input /output channel controls 
from said control information; and said 
apparatus additionally including 

a dau communication means coupled to 
the input /output channel terminals and 

35 adapted to be connected to the system for 
transferring information between input/ 
output terminals and the system main 
memory responsive to the channel controls 
stored in said addressable local memory. 

40 22. The apparatus according to Qaim 21 



wherein said system has an ordered arrange- 
ment of stored input-output irJormalion 
transfer jobs to be performed, characierizeJ 
by said processing means comprismg 
register means for idcniifyini; ;he next in- 45 
formation transfer job to he accessed and 
performed by said apparatus. 

23. The apparatus according to Claim Z\ 
or 22 wherein said da:a coiv.municaiion 
means compri^ci priority resoiu:: ^ means 50 
coupled 10 the inpui.ouipu; icrriur.als for 
enabling input.' output in forma tier. iran:.;crs 

on a demand basi> according to a pre- 
arranged order of priority assigned to ihc 
terminals. 55 

24. The apparatus according to Claim 
21. 22 or 23 wherein said addressable local 
memory comprises locations for bulTering 
input-output information transfers such that 
data is transferred to and from the sysi-em 60 
in a preselected word length. 

25. The apparatus according to Claim 
21, 22, 23 or 24 wherein said dau com- 
munication means comprises m^ans for 
transferring panial data words between the 65 
addressable local memory and the input - 
output terminals and full data words be- 
tween the system and the input-output ter- 
minals independent of said addressable local 
memory. 70 

26. The apparatus substanaally as herein 
described with reference to and as iliustraicu 
in the accompanying drawings. 

BOULT. WADE Sc TENNANT 
HI & U2. Hatton Garden. 

London. E.C.l. 
Chartered Patent Agents. 
Agents for the Applicants. 
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